Background: Half of nursing home residents (NHR) suffer from dementia. End-of-life hospitalizations are often burdensome in residents with dementia. A systematic review was conducted to study the occurrence of hospitalizations at the end of life in NHR with dementia and to compare these figures to NHR without dementia. Methods: A systematic literature search in MEDLINE, CINAHL and Scopus was conducted in May 2018. Studies were included if they reported proportions of in-hospital deaths or hospitalizations of NHR with dementia in the last month of life. Two authors independently selected studies, extracted data, and assessed quality of studies.
Introduction
Dementia is one of the most important reasons for transitions to nursing homes in elderly people and the prevalence of dementia in nursing home residents (NHR) is much higher compared to community-dwelling older adults [1] [2] [3] . Although there are variations in the literature, most studies found that about 50% or even more of NHR suffer from dementia [4] [5] [6] [7] [8] [9] . Residents with dementia differ in many important aspects from those without. They are typically older [7, 10] , need more support to manage activities of daily living and behavioral problems [10, 11] and spend, on average, a longer time in the nursing home before death compared to residents without dementia [12, 13] . Due to the irreversible and slowly progressive nature of the disease, those affected usually become more and more unable to participate in decisions about medical care [14] and often die from complications of dementia [15, 16] . This suggests that end-of-life care might also differ from residents dying from other diseases.
Hospitalizations at the end of life do not only lead to a substantial economic burden, but they are often not beneficial for NHR [17] . Some studies even define inhospital deaths of NHR occurring within 3 days of admission to be burdensome or inappropriate [18, 19] . There seems to be a large variation in the literature on hospitalizations of NHR with dementia at the end of life, even in bordering countries. For instance, a study from the Netherlands found that 8.0% of residents with dementia were hospitalized in the last month of life [20] , whereas Belgian data revealed 19.5% [21] and a recent German study even showed a much higher proportion of 51.3% [13] . Furthermore, the literature is inconclusive on whether hospitalizations at the end of life differ between NHR with and without dementia. There are studies showing a much lower proportion of hospitalizations at the end of life in NHR with dementia compared to those without [15, 22] , other analyses found no differences [13] . Although the evidence seems to be largely inconclusive, to our knowledge, no systematic review on these questions has been done yet.
Therefore, our aim was to give an overview on the existing literature on a) the occurrence of hospitalizations at the end of life in NHR with dementia and b) to compare these figures to NHR without dementia in the subset of studies reporting both groups.
Methods
A protocol for this systematic review was registered with PROSPERO (CRD42018104263). We followed the Preferred Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA) statement for reporting [23] .
Data sources and search
The literature search was performed with the databases MEDLINE (via PubMed), CINAHL and Scopus. The search strategies for dementia [24] and end-of-life hospitalization of NHR were adapted from prior systematic reviews [25, 26] (see Additional file 1: Table S1 for search strategy). We searched the electronic databases from inception to 14 May 2018. Additionally, we scanned the reference lists of all included studies.
Eligibility criteria
We defined study eligibility criteria using the CoCoPop (condition, context, and population) approach for reviews assessing prevalence and incidence data [27, 28] .
Condition
We included studies reporting on proportions of all-cause hospitalizations occurring during any defined period in the last month of life (e.g. the last 30 days, 14 days or 7 days or in-hospital deaths, as reported by the authors). If a study only reported hospitalization due to specific diagnoses it was excluded.
Context
As previous research, we included studies of nursing homes, care homes, long-term care, skilled nursing or residential care facilities [25, 26] . Studies reporting on participants from other forms of care were only included if they contained specific data about NHR. We excluded studies on assisted living facilities or long-term care hospitals. Studies containing nursing homes with specific characteristics (e.g. veteran nursing homes, specific religious tendencies) were not excluded.
Population
The studies had to contain data on deceased NHR with dementia. NHR were considered to have dementia if the authors labelled participants to have dementia or if they used some form of cognitive impairment scale and gave a cut-off for dementia. If participants were only labelled as having cognitive impairment without being classified as having dementia, the study was excluded. Studies limited to specific groups of residents (i.e. specific diagnoses other than dementia) were also excluded.
Published observational and interventional studies were included. We excluded interventional studies without control groups or not reporting baseline data, PhD theses, and studies with a sample size smaller than 20 deceased residents. No other limitations, including language and location of publication, were applied.
Study selection and data extraction
After exporting citations into an EndNote library and removing duplicates, two of the authors independently screened articles based on title and abstract for inclusion or exclusion. Full texts of all articles that met the inclusion criteria were independently assessed by the two reviewers and any disagreement was resolved by discussion or by a third reviewer.
We abstracted data on study characteristics (e.g., country, data source, assessment of dementia), resident characteristics (e.g., mean age, sex) and outcome results using a standardized data abstraction form. Data extraction was performed by one reviewer and verified by a second. Discrepancies were resolved by discussion or by a third reviewer.
When the proportion of residents with end-of-life hospitalizations was not directly specified in the publication, we calculated it, whenever possible, by dividing the number of deceased NHR with dementia hospitalized by the total number of deceased residents with dementia. If the original publication stratified its results by different groups, such as race or location of the nursing home, we reported the total proportion of hospitalizations for all NHR with dementia. When a study reported proportions for several years, only the latest year or period was included.
Quality assessment
The quality of the included studies was assessed using the Joanna Briggs Institute's (JBI) critical appraisal checklist for studies reporting prevalence data, which includes nine items [27] . We chose this tool because of its flexibility across different study designs [29] . Two reviewers independently appraised the quality of included studies. Any disagreement was resolved by discussion. If necessary a third reviewer was involved. Study quality had no impact on the inclusion or exclusion of studies.
Data synthesis
We analysed the results using a narrative synthesis. Due to the expected heterogeneity between studies, a metaanalysis was not planned.
Differences in hospitalization regarding age and sex were analysed as far as they were reported (irrespective of whether stratified proportions were presented or if these variables were included in regression models). Additionally, differences in end-of-life hospitalizations between NHR with dementia and those without dementia were analysed in studies which compared both groups.
We initially also planned to assess differences by severity of dementia, but refrained from this due to the very heterogeneous ways of assessing dementia.
Results

Literature search
After screening 945 titles and abstracts and 59 full text articles, 13 studies met the inclusion criteria ( Fig. 1) [13, 15, [20] [21] [22] [30] [31] [32] [33] [34] [35] [36] [37] . All were reported in English. No additional studies were identified through screening of reference lists.
Study and patient characteristics
The 13 studies were published between 2005 and 2018, with 10 studies being published from 2013 onwards (76.9%). All studies were conducted in western industrialised countries; 6 in the USA (46.2%), and one each in Finland, Australia, Germany, the Netherlands, Belgium, Canada and the UK ( Table 1 ). The sample size ranged from 30 to 1,261,726 deceased NHR with dementia.
Overall, 8 studies each reported data on age and sex of deceased NHR with dementia. Mean or median age varied between 85 and 92 years. One study reported age categories (< 85 years: 31.7%; 85-90 years: 37.7%; > 90 years: 30.6%). The proportion of females ranged between 58 and 76.4%.
Eleven studies used retrospective design. Six studies used some form of medical records such as Minimum Data Set (MDS) or care home records. Dementia was assessed in a variety of ways with studies obtaining diagnoses from claims data, registries, medical records or interviews.
Methodological quality of included studies
The quality assessment for each study is shown in Table 2 . In 9 studies (69.2%) the sample frame was appropriate to address the target population. In two of the studies (15.4%) both dementia and end-of-life hospitalization were assessed with valid methods, six studies did not use valid methods and in five studies it was unclear whether valid methods were used or not.
In-hospital deaths
Overall, 7 of the included studies reported data on in-hospital death of NHR with dementia [15, 22, [30] [31] [32] [33] 37] , with proportions ranging between 0% in Canada and 53.3% in the UK (Table 3 ). The 4 studies from the USA showed in-hospital deaths from 4.2 to 15.1%.
None of these studies analysed differences regarding age or sex.
End-of-life hospitalization during other periods
Overall, 8 studies reported data on end-of-life hospitalizations for other periods during the last month of life [13, 15, 20, 21, 30, [34] [35] [36] . Of them, 2 studies reported on the last 7 days and 8 studies on the last 30 days of life. The amount of hospitalization during the last 30 days of life varied substantially between 8.0% in the Netherlands and 51.3% in Germany. Besides this German study, the proportion of NHR being hospitalized was up to 32.4% in the remaining studies.
Those 2 studies with the lowest and highest amount of NHR hospitalized during the last month of life also reported on the last 7 days before death. The Dutch study found that 1.5% were hospitalized and the German one reported 36.8%.
Two of the 8 studies also analysed differences with respect to age or sex and both assessed the last 30 days of life. Houttekier et al. reported stratified proportions and found that 20.4% of female and 18.3% of male residents experienced end-of-life hospitalization [21] . Among decedents with dementia aged less than 85 years, 22.4% were hospitalized during the last month of life compared to 18.8% in those aged between 85 and 90 years and 16.1% in residents older than 90 years. Cai et al. reported results from a multivariate logistic regression analysis [35] . They found that males with moderate as well as severe cognitive impairment were slightly more likely to experience end-of-life hospitalization. Older age was associated with fewer end-of-life hospitalizations within both the moderate and severe cognitive impairment groups.
Differences between decedents with and without dementia
This review includes 6 studies which compare end-of-life hospitalization of deceased NHR with and without dementia [13, 15, 22, 32, 35, 37] . The studies are from the USA (n = 4) and one study each from Canada and Germany. Only 2 studies reported baseline data stratified for both groups and found that decedents with dementia were older. With the exception of one, all other studies found that residents with dementia experience less hospitalization than those not suffering from dementia (Table 4) .
Four of the six studies which compared NHR with and without dementia reported their in-hospital deaths. Krishnan et al. found that none (0%) of the Canadian residents with dementia died in hospital compared to 11.7% of those without [37] . Some smaller differences for in-hospital deaths were also found in the studies by Sloane [35] . The only study showing no difference between residents with and without dementia for hospitalizations during the last 7 (36.8% vs. 37.8%) and 30 days of life (51.3% vs. 51.6%) was the German one [13] .
Discussion
Comparison with other studies and interpretation
In this systematic review, we found large variations in endof-life hospitalizations of NHR with dementia, probably being explained by differences between countries. Most studies were from the USA. Only two studies assessed the influence of age or sex. There seems to be a trend towards fewer end-of-life hospitalizations in older age groups, but the influence of sex is inconclusive. All but one study found that at the end of life residents with dementia were hospitalized less often than those without. The proportion of in-hospital deaths and end-of-life hospitalizations ranged widely from 0 to 53% and 8-51%, respectively. This is in line with our previous systematic review on end-of-life hospitalization of all NHR which also showed large variations between the included studies [26] . These differences might partly be explained by the different health care systems and long-term care structures as well as differences in qualifications and attitudes regarding end-of-life care across countries [38, 39] . Also, another study which focused on place of death in all people with dementia found that nursing home and in-hospital deaths differed significantly between five European countries with a decreased chance of nursing home death in regions with more hospital beds [39] . But also within-country variations resulting, for example, from different availability of healthcare resources, regional policy regulations or local cultures might play a role [32, 40, 41] .
Most studies found that residents with dementia were less often hospitalized at the end of life which indicates a less aggressive treatment among individuals with dementia. Only the study from Germany found no difference between residents with and without dementia [13] . One explanation for this might be that palliative care is more common in other countries compared to Germany. This is supported by the fact that knowledge on palliative care is low among staff in German nursing homes [42] . This could also explain the higher overall rate of end-of-life hospitalization in Germany.
Hospitalizations at the end of life are often burdensome and potentially avoidable, especially in NHR with dementia [19, 43] . Some studies reported very low proportions of end-of-life hospitalization in NHR with dementia while others did not. This might be due to differences in the [20, 21, 44] . Therefore, early communication with residents and their relatives about palliative care approaches and treatment preferences is important to enhance quality of life and to improve end-of-life care [20] . We found only 2 studies assessing the influence of age on end-of-life hospitalizations in NHR with dementia [21, 35] . Both reported that older residents were hospitalized less often than younger ones. However, just one of them stratified their analysis by 3 different age groups and showed a clear linear trend. The other study included age as a linear variable in the regression. At first sight, these results are quite comparable to the literature on hospitalizations during end of life of all NHR, not just restricting to those with dementia. In our recent systematic review of 38 studies, most but not all of the 15 studies investigating the influence of age found that younger age was associated with a higher probability of end-of-life hospitalizations in all NHR [26] . A more recent in-depth analysis of the German study included in this review [13] was the first research comparing proportions of in-hospital death between NHR with and without dementia by age. Using 4 age groups, this study showed a clear linear decrease from 37.0 to 20.2% when comparing NHR with dementia aged 65-74 and 95+ years. Interestingly, in residents without dementia in-hospital deaths showed an inverse U-shaped distribution (24.6, 32.0, 30.9 and 22.9% for age groups 65-74, 75-84, 85-94 and 95+ years). [45] Moreover, a systematic review on all-cause hospitalizations of NHR residents also showed less consistent findings regarding age suggesting that its influence is not linear [25] . Taken together, these results highlight less aggressive treatment approaches towards death with increasing age especially in NHR with dementia. This might be explained by the fact that fewer benefits are expected from hospitalizations in this population, especially in older age. However, decisionmaking about whether a resident with or without dementia will benefit from a hospital admission or not is sometimes challenging and it is often difficult to know when a resident is near the end of life [46] . Surprisingly, the influence of sex on end-of-life hospitalizations of NHR with dementia was quite inconclusive. In our recent systematic review on end-of-life hospitalizations of all NHR, some but not all studies indicated that male sex was associated with a higher probability of hospitalization [26] . However, in our systematic review on overall hospitalizations of NHR, this finding was consistent: all 20 studies assessing the influence of sex found that hospitalisations occur more often in male NHR [25] . This might suggest that sex has a smaller influence on hospitalizations during end-of-life than in periods before, especially in NHR with dementia. However, one has to keep in mind that only 2 studies included in this review assessed the effect of sex [21, 35] and one of them only had a sample size of 195 decedents [21] .
Taken together, there is a clear need for further studies which compare end-of-life hospitalizations and possible reasons for differences between NHR with and without dementia. These studies should have large sample sizes that allow comparing predictors of end-of-life hospitalizations between these very different groups. Especially age and sex should also be considered in future studies on end-of-life hospitalization in NHR with dementia.
Strengths and limitations
The main strength of this review was its broad search without language restrictions. However, some of the Calculations presented here are taken from the original publication but were not reproducible included studies did not explicitly focus on end-of-life hospitalization or in-hospital death of NHR with dementia as their main research question but also reported some data briefly in the full text. Therefore, we might have missed studies which seemed not to be eligible based on their title and abstracts. However, we screened about 60 abstracts and also searched references lists of included studies in order to minimise the risk of missing studies. It has to be taken into account that, besides the primary research question, the included studies are of great heterogeneity regarding study design, sample size, sample characteristics and the way dementia was assessed. Furthermore, it is often not clear whether studies reporting on other measures than in-hospital death assess being in hospital or just new admissions to hospital during the respective period. This heterogeneity has to be considered when comparing the results of the different studies. However, we assessed the quality of each study according to the JBI tool recommended for systematic reviews of studies on prevalence [27] and explained the results of the quality appraisal transparently in this review. For some items quality was rather low, e.g., in the majority of studies both dementia and end-of-life hospitalization were not assessed with valid methods which has to be taken into account when interpreting the results.
Conclusions and implications
We found a large variation of end-of-life hospitalization of NHR with dementia, which seems to be explained to a large extent by the country in which the study was conducted. However, more studies from outside the USA and from countries other than western industrialised are needed. Only 2 studies assessed the influence of age showing that older decedents seem to be hospitalized less often. The 2 studies on the influence of sex show no clear picture. Most studies found that NHR with dementia were hospitalized less often at the end of life compared with those without. The influence of sex and age on end-of-life hospitalization might also differ from those in all residents. However, more studies comparing NHR with dementia to those without and assessing the influence of sex and age are needed. Given the burden end-of-life hospitalization can cause for residents with dementia and the large differences between countries, it would be highly desirable to better understand best practices and structures of healthcare systems in which low proportions of such hospitalizations occur in order to improve end-of-life care worldwide.
